(2 n1M), sucrose (25 mM), NaCI plus KCI (total 100 mM) or choline chloride (100 mM), and other additions depending upon experimental conditions. The reaction was started by the addition of an enzyme source to the medium kept at 30'C, which was 1.0 ml in total volume. In 10 minutes the reaction was stopped following the addition of 0.5 ml of 30 (w/v) trichloroacetic acid and the tubes were cooled and centrifuged at 3°C. Liberated inorganic phosphate (Pi) in the supernatant was estimated by a modified method of Fiske and Subbarow (15) , i.e., perchloric acid was used instead of sulfuric acid (16) . The ac tivity of ATPase was expressed in millimicromoles of inorganic phosphate liberated per milligram protein a minute.
ATP (di-tris salt) was obtained from Sigma Chemical Co. and used after its pH was adjusted to 7.4 with tris. Ouabain was obtained from E. Merck.
RESULTS

1) Fresh mitochondria
Effects of sodium and potassium ions on the activity of mitochondrial ATPase were studied.
With a correlative change of sodium chloride and potassium chloride in ratio, a total concentration of both ions in the medium was kept at 100 mM. In a control ex periment, both ions were replaced by 100 nmM of choline chloride. Other conditions were the same as those given in Fig. 1 . a study was made of influences of ouabain on the stimulatory effect of sodium and potassium ions in the mitochondrial ATPase, because (Na+-}-K+)-stimulated ATPase is very sensitive to ouabain.
Stimulation of ATPase of kidney cortex mitochondria by sodium plus potassium ions was not inhibited by ouabain (Table 1) . Under the same condition, the microsomal ATP ase activity of rat kidney cortex was little affected by sodium and potassium ions. This observation agreed closely with that reported by Tsujimoto et al. (20) . These findings indicate that stimulation of ATPase activity of kidney cortex mitochondria by sodium Regarding the stimulatory effect to ATPase, replacement of sodium and potassium ions by other alkali-metal ions was studied (Fig. 3) . As a result, cesium chloride was found to be available instead of potassium chloride. Replacement of either sodium or potassium ion by rubidium ion resulted in a marked increase of the activity of the ATPase.
Such marked increase of ATPase activity was observed even by rubidium ion alone. But substitution of lithium chloride (60 mM) and cesium chloride (40 mm) for sodium chloride and potassium chloride enhanced only 18% of the activity (The value is not shown in the figure) .
Following the addition of 2, 4-dinitrophenol (10' M) to the medium, the activity of ATPase increased from 113.--T,-9 to 39V_24 m/_tmoles of Pi liberated/mg protein/min with out sodium and potassium ions, and from 188±18 to 423 +24 with sodium and potas sium ions (Fig. 4) . That is, in the presence of 2, 4-dinitrophenol, the stimulatory effect of sodium and potassium ions on the ATPase of kidney cortex mitochondria is not ob served.
Following the addition of magnesium chloride to the medium, the stimulatory action of sodium and potassium ions on the ATPase of kidney cortex mitochondria was greater than that of magnesium-free in the medium ( Table 2 ). The activity of ATPase is probably dependent upon the endogenous magnesium ion in mitochondria without magnesium chlo ride in the medium. However, in the presence of calcium ion which greatly enhanced the activity of mitochondrial ATPase, sodium plus potassium ions depressed the enzyme activity by 34%. The activity remained unaffected by sodium plus potassium ions in the presence of both magnesium and calcium ions. 
2) Aged mitochondria
Aging of fresh mitochondria of the kidney cortex resulted in a marked decrease in response to the stimulatory effect of sodium plus potassium ions on ATPase (Fig. 5) . The inhibitory effect of both ions on the enzyme which had been observed in the presence of calcium ion also dis appeared.
3) Mitochondrial membrane fragment
The activity of ATPase of the mito chondrial membrane fragment is far less than that of fresh mitochondria, but it increase 20 to 30 times in the presence of magnesium ion and 5 to 6 times in the presence of calcium ions as reported by U lrich (11) ( Table 3) . The incubation medium contained 10 mm tris-HCI (pH 7.4), 2 mM ATP (tris-salt), 25 mm sucrose, ca. 138 lag protein of kidney cortex mitochondria, and other additions as indicated. * : mpmoles of Pi libe rated/mg protein/minutes. Conditions were the same as those given in Table 2 . Mitochondrial membrane preparation (ca. 612 tig protein) was used. * : mpmoles of Pi liberated/mg protein/minutes. However, the stimulatory effect of sodium plus potassium ions on ATPase was not observed and the inhibitory effect of both ions observed in the presence of calcium ion was not noticeable in the membrane fragment.
DISCUSSION
Recently Gomez-Puyon et al. (18) found that sodium ion had a detrimental effect on the rat liver mitochondrial structure and potassium ion protected that effect. The present results demonstrate a synergism rather than an antagonism between sodium and potassium ions regarding the activity of ATPase of kidney cortex mitochondria.
Ozawa et al. (11) reported that the activity of ATPase of brain mitochondria was neither affected by sodium chloride (125 mm) plus potassium chloride (25 mm) nor by ouabain.
Our present data indicates that the ATPase activity of kidney cortex mitochondria was stimulated in about 50 % in the presence of 60 mm of sodium chloride and 40 mm of potassium chloride (Fig. 1) .
From the results of stimulation with sodium plus potassium ions it is likely that ATP ase of kidney mitochondria is different from microsomal ATPase in the entity of enzyme.
Because, under the present experimental condition, the stimulatory effect of sodium plus potassium ions on the enzyme was observed in mitochondria but not in the microsome.
The stimulatory effect of sodium plus potassium ions on the enzyme was observed in kidney mitochondria, but not in liver mitochondria (Fig. 2) . Of responses of mitochon drial ATPase to sodium plus potassium ions, no interpretation was attempted as to the difference in organs.
Further work is in progress on the submitochondrial localization of ATPase(s) in kidney in order to clarify the presence of ATPase other than the enzyme involved in the oxydative phosphorylation of mitochondrial inner membrane.
As shown in Fig. 3 , it is ovious that sodium plus potassium ions have a character istic action on the ATPase of rat kidney mitochondria as well as rubidium ion. But the different mechanisms between the effects of sodium plus potassium and rubidium alone on the enzyme is taken into consideration, because the activity of ATPase of the mitochon drial membrane fragment was stimulated by rubidium ion but not by sodium plus potas sium ions (Table 3 ). The effects of rubidium ion on the mitochondrial ATPase will be shown in other paper.
The stimulatory effect of sodium plus potassium ions decreased in aged mitochondria, and completely disappeared in fresh mitochondria which had been treated with 2, 4-di nitrophenol.
ATPase of the mitochondrial membrane fragment was little or not affected by these ions.
On the basis of the above data, it seems reasonable to conclude that the stimulatory effect of sodium plus potassium ions on ATPase of kidney cortex mitochondria is a second ary action. It is considered that the maintenance of mitochondrial structure or function is required for the action of these ions on the ATPase of kidney cortex mitochondria.
Brierley et al. (7) presented information on the Ca"-activated ATPase activity of heart mitochondria and its relationship to a Ca" accumulation. Gomez-Puyon et al. (9) reported that potassium ion stimulated ATPase concomitant ly with an increase of membrane permeability to hydrogen ion in rat liver mitochondria treated with some agents like triamcinolone.
Cereijo-Santalo (10) demonstrated that the treatment of rat liver mitochondria with surface active agents resulted in an increase of permeability to alkali-metal ions and an stimulation of the ATPase activity. The present authors (12) have previously discussed relations between ion permea bility and the ATPase activity in kidney cortex mitochondria of the rat.
In order to clarify the mechanisms of actions of sodium and potassium ions on mito chondria, it is necessary to study the movement of sodium, potassium, magnesium, and calcium ions in kidney cortex mitochondria.
SUMMARY
A study was made of the effects of sodium and potassium ions on the ATPase of rat kidney cortex mitochondria.
1. Addition of both ions stimulated, in about 50%, the ATPase activity. Similar results were obtained on mitochondria of the kidney medulla. 2. Sodium plus potassium ions failed to stimulate the ATPase activity of liver mito chondria.
3. The stimulatory effect of both ions on mitochondria) enzyme did not seem due to microsomal ATPase.
4. Aging of mitochondria resulted in a marked decrease of the stimulatory effect of sodium plus potassium ions on the enzyme.
5. In the presence of 2,4-dinitrophenol, the effect of these ions disappeared. 6. ATPase of the mitochondrial membrane treated with desoxycholic acid was not stimulated by sodium plus potassium ions.
It is concluded that the maintenance of mitochondrial structure or function is re quired for the action of these ions on the ATPase of kidney cortex mitochondria.
